The relationship between serum homocysteine levels and non-alcoholic fatty liver disease is poorly understood. This study aims to investigate the sex-specific relationship between serum homocysteine level and non-alcoholic fatty liver disease in the Korean population. Methods: This cross-sectional study included 150 men and 132 women who participated in medical examination programs in Korea from January 2014 to December 2014. Patients were screened for fatty liver by abdominal ultrasound and patient blood samples were collected to measure homocysteine levels. Patients that consumed more than 20 grams of alcohol per day were excluded from this study. Results: The homocysteine level (11.56 vs. 8.05 nmol/L) and the proportion of non-alcoholic fatty liver disease (60.7% vs. 19.7%) were significantly higher in men than in women. In men, elevated serum homocysteine levels were associated with a greater prevalence of non-alcoholic fatty liver disease (quartile 1, 43.6%; quartile 4, 80.6%; P=0.01); however, in females, there was no significant association between serum homocysteine levels and the prevalence of non-alcoholic fatty liver disease. In the logistic regression model adjusted for age and potential confounding parameters, the odds ratio for men was significantly higher in the uppermost quartile (model 3, quartile 4: odds ratio, 6.78; 95% confidential interval, 1.67 to 27.56); however, serum homocysteine levels in women were not associated with non-alcoholic fatty liver disease in the crude model or in models adjusted for confounders. Conclusion: Serum homocysteine levels were associated with the prevalence of non-alcoholic fatty liver disease in men.
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) refers to the presence of hepatic steatosis when no other causes for secondary hepatic fat accumulation, such as significant alcohol consumption, use of steatogenic medication, or hereditary disorders, are present.
1) The term NAFLD refers of to a wide spectrum of liver diseases, including simple steatosis, nonalcoholic steatohepatitis (NASH), liver cirrhosis, and hepatocellular carcinoma. 2) NAFLD is the most common cause of chronic liver disease in the industrialized world, and the prevalence of NAFLD has become a substantial burden to public health. 3) Many studies have reported that NAFLD is associated with metabolic disorders caused by insulin resistance, such as obesity, dyslipidemia, type 2 diabetes, and metabolic syndrome. 4, 5) Moreover, cardiovascular disease risk factors, such as a high Framingham risk score, carotid intima-media thickness, and coronary artery calcification, are considerably elevated in NAFLD patients. 6, 7) Homocysteine, a sulfur-containing amino acid, is an intermediate product in the normal biosynthesis of the amino acids methionine and cysteine. 8, 9) Homocysteine is known to be an independent risk factor for atherosclerosis and cardiovascular disease. The pathogenesis of homocysteine in the development of cardiovascular disease is unclear but possible mechanisms are oxidative stress, lipid peroxidation, and decreased antioxidant enzyme activity. [9] [10] [11] [12] Moreover, several studies have reported differences in circulating homocysteine concentrations between the sexes; however, lower concentrations in females may be characteristic of the premenopausal years only.
13)
The liver plays a central role in the metabolism of homocysteine;
consequently, liver damage may affect the homocysteine level. Indeed, hyperhomocysteinemia has been reported in chronic alcoholism and in alcoholic liver cirrhosis. 14, 15) However, the previous data reporting the potential association between serum levels of homocysteine and liver damage in adults with NAFLD are conflicting. 8, 16) Therefore, the aim of this study is to investigate how sex affects the association between serum homocysteine levels and risk of NAFLD in the Korean population. 
METHODS

Study Population
General Characteristics
We conducted research on the medical history and the lifestyle habits of the patients using a self-report questionnaire. Smoking history was used to categorize patients into current smoker and non-smoker groups. Exercise history was used to categorize participants into a routine group (moderate to strenuous intensity, three times a week or 
Laboratory Test
Blood samples were collected in the morning, after the patient had fasted overnight for at least 8 hours. The serum samples were stored at 4 o C and analyzed within 1 day after sampling. The glucose, liver enzyme, and lipid profiles were tested using an automatic analyzer (HIT-ACHI 7600; Hitachi, Tokyo, Japan). The serum homocysteine was measured with a homocysteine enzymatic kit (Roche Diagnostics, Mannheim, Germany) using an enzymatic assay. The intra-and interassay coefficients were 1.3% and 2.2%, respectively.
Fatty Liver Assessment
An abdominal ultrasound was used for the detection and diagnosis of fatty liver; the ultrasound was performed using a 3.5-MHz transducer (General Electric Logiq 7; General Electric Medical Systems, Milwaukee, WI, USA). Experienced radiologists carried out the ultrasound examinations. Images were captured in the standard fashion, with a patient in the supine position with their right arm raised above the head.
Hepatic steatosis is defined as the presence of diffuse hyperechoic texture, bright liver, increased liver echo texture compared to the kidneys, vascular blurring, and deep attenuation of the ultrasonic beam. 17) The ultrasound results were classified into normal findings and NAFLD (mild and moderate to severe fatty liver) findings.
Statistical Analysis
All analyses were conducted separately for men and women. The variables were expressed as a mean±standard deviation, median (interquartile range), or number (proportion). To compare the variables between the sexes, the independent t-test (for continuous variables) and the chi-square test (for categorical variables) were used. The participants were classified into quartiles according to their serum level of homocysteine. We calculated the prevalence of NAFLD within the different quartiles for both sexes using the chi-square test. 
RESULTS
One hundred fifty men and 132 women participated in the study. The baseline characteristics of the participants are presented in Table 1 . To investigate whether the serum homocysteine level was associated with the prevalence of NAFLD, the homocysteine levels of patients were divided into quartiles. As shown in Figure 1 , there was a positive correlation between the prevalence of NAFLD in men and their serum homocysteine level. The prevalence of NAFLD was 43.6% for men whose serum homocysteine levels were in the first quartile, and the NAFLD prevalence increased to 80.6% for men whose serum homocysteine levels were in the fourth quartile (P=0.01) (Figure 1 ). However, in females, the prevalence of NAFLD was not significantly associated with serum homocysteine levels (P=0.842).
The logistic regression model showed the effect of the serum level of homocysteine on the risk of NAFLD (Tables 2, 3 
DISCUSSION
We designed our study based on the hypothesis that NAFLD is associated with elevated levels of serum homocysteine. However, in this study, the correlation between homocysteine levels and the prevalence and risk of NAFLD was found to be significant only in men. This may be due to the effect of endogenous sex steroids.
Previously, Leach et al. 10) reported similar results to our study. They showed that the serum homocysteine level was significantly higher in patients with biopsy-proven NASH than in patients without biopsyproven NASH, in the control group. They suggested that hyperhomocysteinemia could be attributed to the change in the transsulfuration pathway, a consequence of liver dysfunction. 10) By contrast, Polyzos et al. 16) reported that a lower serum homocysteine level was observed in NASH patients than in NAFLD patients although homocysteine levels were similar between NAFLD patients and controls. However, the study by Polyzos et al. 16) did not examine how the patient's sex affected the association between homocysteine levels and the prevalence of NASH or NAFLD.
Some experimental studies explained that homocysteine might be involved in the pathogenesis of NAFLD. Aissa et al. 18) reported that dietary methionine deficiency and methionine supplementation can affect homocysteine levels and higher levels of homocysteine can induce molecular abnormalities in the liver that are associated with the 19) reported that chemically induced hyperhomocysteinemia in rats can induce not only increased oxidative stress and fibrosis but also inflammatory infiltration in the liver.
Some studies have reported differences in the levels of homocysteine between the sexes. Morris et al. 13) conducted a study of the general population of women in the US and hypothesized that estrogen status is inversely related to the circulating total homocysteine level, independent of nutritional status and muscle mass. Nakhai Pour et al. 20) also reported that there is no significant association between testosterone, estradiol, or dehydroepiandrosterone sulfate levels and plasma homocysteine levels in middle-aged and elderly men. Boers et al. 21) suggested that methionine might be catabolized more in premenopausal women than in men by a methionine transamination pathway.
Therefore, accumulation of homocysteine, after methionine loading, would be less likely in premenopausal women. 21, 22) As our female patients were of a child-bearing age, differences in estrogen levels may explain why the total concentrations of homocysteine differed by sex.
There are some limitations of this study. First, the diagnosis of NAFLD was based on ultrasound findings; however, the ultrasound was performed by an expert radiologist. Second, this study was a crosssectional study, and we could not establish a causative relationship between homocysteine and NAFLD. Third, our study was based on a health examination program and some information was collected using self-reported questionnaires, consequently, we had limited accesses to the participants' menopause data. Third, as folate and vitamin B12 levels were not measured, we could not rule out the influence of vitamins on the level of homocysteine. Therefore, additional adjustment for folate and vitamin B12 levels would improve the statistical models.
In conclusion, this is the first study to investigate the relationship between serum homocysteine levels and risk of NAFLD for men and women separately. We found that homocysteine was closely associated with the prevalence of NAFLD in men but not in women.
